Aims To identify Vibrio vulnificus,Vibrio cholerae and Vibrio alginolyticus using standardized DNA extraction method and real-time PCR assays, among a large number of bacterial strains isolated from marine environment.
Introduction 47
The Vibrio genus encompasses gram negative bacteria species indigenous of marine and 48 estuarine waters. To date, one hundred and thirty species of vibrios have been described and 49 twelve were classified as human pathogens implicated mostly in food or water-borne diseases 50 . The sanitary consequences on human health and the socio-economic 51 impacts of these pathogens, particularly of V. cholerae (Colwell et al. 1977; Colwell 1996) , and 52 of V. parahaemolyticus (Kaneko and Colwell 1973) , V. vulnificus (Oliver et al. 1982) and V. 53 cholerae non-O1/non-O139, are well documented. In Europe, the risk of Vibrio-associated 54 infectious diseases is limited to a few cases each year but it is expected to increase in the future 55 due to raw shellfish consumption, the increase of immune-compromised people, and also the 56 impact of anthropogenic activities and global warming on the marine environment (Baker-Austin 57 et al. 2010) . The presence of potentially pathogenic Vibrio spp. for human was reported in French 58 coastal waters (Hervio-Heath et al. 2002; Deter et al. 2010b) but little is known about the ecology 59 and virulence of these species in these areas. 60
Understanding of the dynamics and evaluation of the diversity of Vibrio populations 61 appeared necessary to develop prediction models to monitor the coastal environments, and to 62 anticipate the microbiological health risks linked to the presence of Vibrio spp. as some authors 63 started to explore (De Magny et al. 2009; Baker-Austin et al. 2010; Johnson et al. 2010; 64 Rodriguez-Castro et al. 2010; Collin and Rehnstam-Holm 2011) . Thus, determining the 65 ecological drivers of Vibrio seasonality, abundance and diversity is important. For this purpose, 66 long term studies are necessary particularly in coastal areas under the influence of anthropogenic 67 activities. Generally, these studies have coupled the dynamics and diversity analyses of total 68 bacterial community and associated pathogens (Oberbeckmann et al. 2010; Oberbeckmann et al. 69 2011) . Thus, there is a need to adapt high screening methods for microbiological analyses. 70
Isolation of Vibrio strains from seawater and superficial sediments samples 121
Water volumes of 0.1, 1, 10, 50 and 100 ml were filtered through 0.45µm-pore-size 122 nitrocellulose filters (Millipore™ SA, ST Quentin Les Yvelines, France). All the membranes 123 were plated onto thiosulphate-citrate-bile-salts-sucrose agar plates (TCBS, Difco™, Becton 124 Dickinson and Company, Le Pont de Claix, France) and incubated for 24h and 48h at 37 °C and 125 22°C, respectively. After 24h or 48h of incubation, the colonies were enumerated and the number 126 of total Vibrio was estimated as CFU l -1 of water (data not shown). Twenty colonies showing 127 phenotypic appearance of Vibrio were selected and streaked onto TCBS. After incubation at 22°C 128 or 37°C for 24h, single colonies were isolated onto Bacto™ Heart Infusion 2% NaCl agar 129 medium pH 7.4 (HI agar, Becton Dickinson and Company, Le Pont de Claix, France) to control 130 purity and enriched in 1.5 ml HI 2% NaCl liquid medium before conservation. Due to the high 131 number of strains, the bacterial colonies were sub-cultured on 96-well plates (Masterblock 2 ml 132 96-well sterile, Fisher Scientific, Germany). After incubation at 22°C or 37°C for 24h, volumes 133 of 1.5 ml cultures were split into two 96-well plates (750 µl per well). Volumes of 250 µl HI 40% 134 glycerol solution were added to each well for a final concentration HI 10% glycerol and the 135 plates were immediately stored at -80°C (cryoconservation). 136
Ten grams of sediment diluted in 90 ml of tryptone salt (0.1% Peptone from Casein; 137 0.85% of NaCl; 0.2% Tween 80 and MilliQ water 988 ml; pH : 7,0 ± 0,2) were mixed during 10 138 min. The supernatant was streaked onto TCBS plate directly (0.1 ml and 0.2 ml) or filtered (10 139 ml and 25 ml) on 0.45µm-pore-size nitrocellulose filters before being plated onto TCBS. The 140 number of Vibrio isolated was estimated as CFU l -1 of wet sediment (data not shown). The isolation,7 culture and cryoconservation of the presumptive Vibrio strains were performed as described 142 above for water samples. 143
DNA extraction 145
The DNA extraction protocol was adapted to be performed on 96-well plates. The strains 146 stored at -80°C were cultured in a new 96-well plate with 1.5 ml of HI 2% NaCl liquid medium 147 per well and incubated 24h at 22°C or 37°C, depending on the isolation temperature of the 148 strains. The plate was centrifuged at 2000 g for 10 min at room temperature (RT). Pellets were 149 washed two times with 1.5 ml and 1 ml of sterile buffered saline (0.45% Na 2 HPO 4 , 12 H 2 O; 150 0.04% of K 2 HPO 4 ; 0.72% NaCl and MilliQ water 988 ml) at 2000 g for 10 min. Pellets were 151 suspended in 100 µL of RNase DNase Protease free water (5 PRIME, Hamburg, Germany) and 152 transferred onto a 96-well PCR plate (Agilent Technologies France, Massy, France) and lysed by 153 heating at 100°C for 15 min with a Peltier Thermal Cycler (PTC-200, Biorad, France). After 10 154 min of centrifugation at 3500 g, the supernatants containing the DNA extracts were transferred to 155 a new 96-well PCR plate and a subsample was diluted to obtain a final concentration of 50 ng µl 
Primer selection 159
All the DNA extracts from presumptive Vibrio strains were tested by real-time PCR 160 SYBR Green (Invitrogen Kit, Fischer Scientific SAS, Ilkirch Graffenstaden, FRANCE) using 161 primers selected in the 16S rDNA region specific for the Vibrio genus (Thompson et al. 2004 ) 162 ( (Nhung et al. 2007b) . The 169 universal forward primer VM-F (5'-GGCGTAAAGCGCATGCAGGT-3') was common to the three 170 species and the reverse primer was designed specifically for each species. They were named 171 respectively as VC-Rmm (5'-AGCAGCTTATGACCAATACGCC-3'), VV-Rmm (5'-172 GTACGAAATTCTGACCGATCAA-3') and V.al2-MmR (5'-GATCGAAGTRCCRACACTMGGA-173 3'). The multiplex PCR assays were performed according to the conditions described by Nhung 174 et al (2007a) . The amplification reactions contained 1X PCR buffer (Roche Diagnostics, Meylan, 175 A specific adaptation has been performed from the initial protocol of multiplex PCR 188 designed by Nhung et al. (2007a) including the thermal cycles and particularly, the annealing 189 9 temperature, in order to improve the sensitivity and the specificity of the amplification. For this 190 purpose, a thermal gradient PCR from 50 to 65°C was tested to determine the optimum annealing 191 temperature for each pair of primers using the gradient function of the Thermo Cycler 192 Biorad, France). Four different Vibrio strains representing four different species including the 193 target (DNA concentration at 50 ng µl -1 ) and a negative control (water used for the PCR mix) 194
were tested for each PCR. The PCR mix and the thermal cycle program were the same as the 195 ones described by Nhung et al (2007a) with the exception of annealing temperatures. The thermal 196 cycle program was as follows: a 3 min initial denaturation step at 94°C, followed by 35 cycles of 197 amplification, with a denaturation step at 94°C for 30 s followed by an annealing step with 198 temperature varying from 50°C to 65°C (through twelve wells per strain) for 30 s, and 72°C for 1 199 min, and a final elongation step of 7 min at 72°C. The amplified products were examined using 200 1.5% (w/v) agarose gel (Eurobio, Courtaboeuf, France) and 500 µg ml 
Real-time PCR amplification conditions 208
The transfer of the reaction conditions from the multiplex PCR described by Nhung et al. 209 (2007a) vulnificus real-time PCR; 5 PRIME, Hamburg, Germany) and 2 μl of a 50 ng µl -1 DNA extract or 216 2 µl of RNase DNase Protease free water for negative control. Real-time PCR thermal cycling 217 was run using the Stratagene ® MX3000P cycler (Agilent Technologies, Santa Clara, CA, USA). 218
The thermal program for Vibrio spp (Table 3 ) consisted in a 10 min denaturation step at 95°C, 219 followed by 40 cycles of amplification as follows : at 95°C for 5 s, 58°C for 5 s and 72°C for 4 s. 220
The program ended with a final dissociation curve analysis consisting in denaturation at 95°C for 221 1 min, annealing at 58°C for 30 s and a final denaturation at 95°C for 30 s. The thermal program 222 for V. cholerae and V. vulnificus (Table 3) The fluorescence signal was measured in real time at the end of the elongation step of 228 every PCR cycle to monitor the amount of amplified DNA. A standard curve was calculated for 229 each real-time PCR using 100 ng of purified DNA extract from a representative strain of each 230 target species IF Vc14, IFVv22 and IF Va34, respectively, serially diluted in duplicate (ten-fold 231 dilution) six times. A negative control was prepared in duplicate for each real-time PCR assay 232 with 2 µl of the water used for the real-time PCR mix. Threshold was manually set using the 233
MxPro software (Stratagene 2007) . Together with the dissociation curve analysis, the SYBR 234
Green system (Giglio et al. 2003) provides an excellent tool for specific product identification 235 and quantification. The dissociation curve led to discriminate the true positive from the false 236 positive amplifications. The latter were characterized by the presence of a fluorescence peak at a 237 different dissociation temperature (± 1°C) than that observed for the standard (see real-time PCR 238 V. cholerae for September 2009 environmental strains as an example in Figure 1) . 239
240

Results
241
Determination of the optimum annealing temperature 242
The optimization step through the temperature gradient assays led to select an annealing 243 temperature of 63°C for V. alginolyticus and V. cholerae and of 61°C for V. vulnificus with an 244 expected amplicon size at 144 bp, 375 bp and 412 bp, for each target species, respectively. At 245 these temperatures, no amplification was observed for the Vibrio species other than the target 246 ones (see example given for V. cholerae in Figure 2) . 247 248
Specificity of the real-time PCR 249
The inclusivity and exclusivity tests for the real-time PCR targeting V. alginolyticus, V. 250 vulnificus and V. cholerae proved to be specific for each target species (Table 4) . For the 251 inclusivity test, all the V. alginolyticus strains (11/11) generated a unique dissociation curve peak 252 at 85°C (± 1°C), the V. vulnificus strains (10/10) a unique dissociation curve peak at 89°C (± 253 1°C) and the V. cholerae strains (12/12) a unique dissociation curve peak at 88.5°C (± 1°C). (Table 5 ). Previous data obtained in the same sampling area showed that V. 269 alginolyticus was the most frequently isolated Vibrio species at 37°C (Antajan et al. 2010) . Based 270 on these data, bacterial strains were further identified starting with the real-time PCR targeting V. 271 alginolyticus. Among the isolated strains, V. alginolyticus was also the most frequently detected 272
Vibrio species at 37°C in this study with 423/512 of the Vibrio spp (82.6%), i.e. 76.6% and 273 89.4% in T1 and T2, respectively (Table 5) . At 22°C, only 7 of the 445 Vibrio spp. strains (1.6%) 274 were identified as V. alginolyticus. The species V. parahaemolyticus and V. cholerae were 275 detected at 37°C, 2 strains on T1 and 2 strains on T2, respectively. V. vulnificus was not detected 276 in any of the transects. The real-time PCR methodology including the four most detected Vibrio 277 species isolated at 37°C in French coastal waters, led to rapidly identify almost all the strains 278 isolated at this temperature with 427/512 Vibrio spp strains identified (83.4%). On the contrary, 279 the majority of the strains isolated at 22°C (98.4%) was not identified when using the same 280 methodology. 281
Discussion
13
Since the 1980s, a significant warming was highlighted in the Northern seas (Southward 284 et al. 2005; Saulquin and Gohin 2010; Smyth et al. 2010; Lima and Wethey 2012) . The open 285 systems of the English Channel and the North Sea, with large available datasets of measurements, 286 represent areas of interest to study the impact of the global changes in marine ecosystems and the 287 emergent issues for human (Southward et al. 1995; Hawkins et al. 2003; Philippart et al. 2011; 288 Vezzulli et al. 2012) . As recent cases of vibriosis have been described (Vezzulli 2012) and Vibrio 289 spp. isolated in North European seas (Eiler et al. 2006; Oberbeckmann 2011) , studies of Vibrio 290 populations in these areas will provide a better view of their evolution and adaptation face to 291 global changes. Moreover, the incidence of vibriosis on human health implies the need to better 292 understand the dynamics of co-occurring Vibrio population and their diversity, and not only to 293 focus on a single member (Thompson et al. 2004) . This means to regularly characterize the 294
Vibrio populations in the environment, through a sufficient amount of strains isolated and 295 associated with environmental parameters measurement, to determine the Vibrio ecology drivers. 296
Most of the ecological studies on Vibrio populations follow this approach (Harriague et al. 2008; 297 Oberbeckmann et al. 2010; Vezzulli et al. 2010) . However, in most ecological studies (1-, 2-or 298 3-year study) involving evaluation of vibrios diversity and occurrence, the amount of strains 299 isolated and identified is limited (below 300 strains per year) and this is primarily because of the 300 use of labour intensive bacteriological methods (Barbieri Elena et al. 1999; Eilers et al. 2000; 301 Croci et al. 2001; Hervio-Heath et al. 2002; Deter et al. 2010a; Rodriguez-Castro et al. 2010) . 302
This could be questionable concerning the representation of the Vibrio diversity in the 303 environment considering the number of strains isolated especially for studies focusing not only 304 on the potentially pathogenic Vibrio but also on the total Vibrio community. In the perspective of 305 an accurate monitoring of the vibriosis risk, the direct detection and quantification of potential 306 pathogenic Vibrio species on environmental DNA through real-time PCR assays would constitute 307 14 a fast and efficient tool. However, in such studies the isolation of bacterial strains from the 308 environment remained necessary to determine first the Vibrio culturable diversity and the 309 potentially pathogenic strains associated. In the present study, we proposed an analysis strategy 310 to isolate and identify a large number of Vibrio strains, including potentially pathogenic isolates 311 within long-term ecological studies. In the perspective of a large number of strains to be 312 identified from each sampling campaign (4274 strains were isolated from September 2009 to 313 September 2011), it was necessary to use a reliable and least labor-intensive sample treatment 314 and identification method to rapidly screen strains isolated from the environment. For that 315 purpose, we firstly optimized a DNA extraction method in a 96-well format that proved to be 316 reliable and robust for high-throughput studies. Secondly, we needed to design real-time PCR 317 assays to identify these strains at the species level. The multiplex PCR published by Nhung et al. 318 (2007a) and targeting five human pathogenic vibrios was particularly interesting in this 319 perspective. The dnaJ gene was shown to be a promising phylogenetic marker for the 320 identification of Vibrio species, particularly for human pathogenic Vibrio species (Nhung et al. 321 2007b) . Nhung and coworkers (2007a) precise role in pathogenicity is unclear (Tantillo et al. 2004) . Previous studies reported possible 337 pathogenic gene transfers between V. cholerae, V. parahaemolyticus and V. alginolyticus (Xie et 338 al. 2005; Gonzalez-Escalona et al. 2006) . This highlights the interest to study V. alginolyticus in 339 the environment even if, to date, these strains have not been associated to strains isolated from 340 clinical cases. The results obtained in this study confirmed previous studies performed in 341
European coastal waters, from the Adriatic Sea to the North Sea, which shown the predominance 342 of this species among isolates at 37°C (Carli et al. 1993; Barbieri Elena et al. 1999; Hervio-Heath 343 et al. 2002; Schets et al. 2006; Cooke and Shapiro 2007; Antajan et al. 2010; Oberbeckmann 344 2011) . The protocol developed and standardized in this study was reliable and suitable for strains 345 isolated at this temperature. However, this methodology has shown its limits for the analysis of 346 the diversity at 22°C. Only 1.6% of the strains isolated at 22°C in September 2009 were 347 characterised by real-time PCR and they were all identified as V. alginolyticus. This indicates that 348 species other than V. alginolyticus, V. parahaemolyticus, V. vulnificus and V. cholerae might be 349 predominant at this temperature and that the potentially pathogenic vibrios for human may 350 represent a small part of the total Vibrio community in the area. Some authors highlighted the 351 predominance of the Vibrio species belonging to the V. splendidus group on coastal seawater and 352 sediment particularly in temperate regions (Sobecky et al. 1998; Urakawa et al. 1999; Radjasa et 353 al. 2001; Le Roux and Austin 2006; Hunt et al. 2008; Vezzulli et al. 2010 and a negative control (E). Lanes 1 to 12 corresponded to annealing temperatures of 50, 50.4, 51.2, 52.5, 54.2, 56.4, 58.9, 61, 62.7, 63.9, 64.7 and 65°C, respectively; lane L, 100-bp DNA ladder (Invitrogen TM , Life Technologies, Carlsbad, CA, USA).
